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PROBLEM TO BE SOLVED: To provide a method for 
fabricating a semiconductor device in which a leakage 
current is not generated on the heterojunction interface 
of SiGe/Si. 

SOLUTION: In the method for fabricating a 
semiconductor device having a junction interface where 
first conductivity type SiGe and second conductivity type 
Si or SiGe touch each other, the junction interface is 
cleaned, at the part thereof exposed to the surface, with 
a solution containing hydrofluoric acid and then cleaned 
with a solution containing sulfuric acid. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The production approach of the semiconductor device characterized by for said junction 
interface washing the part exposed to a front face with the solution containing hydrofluoric acid, and 
washing with the solution containing a sulfuric acid after that in the production approach of a 
semiconductor device of having the junction interface in which SiGe of the 1st conductivity type, Si of 
the 2nd conductivity type, or SiGe carries out mutual contact. 

[Claim 2] The production approach of the semiconductor device characterized by to cover an insulating 
material into the part which said junction interface etched the part exposed to a front face, and washed 
with the solution containing hydrofluoric acid, and subsequently washed with the solution containing a 
sulfuric acid after that in the production approach of a semiconductor device of having the junction 
interface in which SiGe of the 1st conductivity type, Si of the 2nd conductivity type, or SiGe carries out 
mutual contact, and said junction interface has exposed subsequently to a front face. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device of 

manufacturing the diode which used SiGe, and a semiconductor device like a transistor. 

[0002] 

[Description of the Prior Art] Since the SiGe mixed-crystal film can realize the transistor which was 
excellent in the high frequency property carrying out to the electron device joined to Si, for example, the 
structure which carried out sequential junction of the n mold Si-p mold SiGe-n mold Si, i.e., a 
heterojunction mold bipolar transistor, compared with the structure of only Si, it has spread through the 
integrated circuit of a high frequency application widely by the end of today. Moreover, this invention 
person showed clearly that the recovery time amount when carrying out bias conversion from the 
forward direction to hard flow compared with the conventional Si diode is short, and high-speed 
operation is possible in the previous application specification of an application for patent No. 044306 
[ 2000 to ] and a previous drawing for the diode which joined Si of the p mold SiGe, n mold, or n-mold. 
[0003] In the heterojunction mold transistor and diode using the SiGe mixed-crystal film of such a 
property, it is strongly requested among manufacturers from the viewpoint of the improvement in the 
yield, and a viewpoint of application expansion that a withstand voltage property is raised. For this 
reason, although the diode structure of the near part which pressure-proofing requires, i.e., the structure 
which joined the p mold SiGe and the n mold Si, the structure which joined the n mold SiGe and the p 
mold Si, and these are generically called SiGe/Si diode below, for this SiGe/Si diode, the leakage 
current at the time of the reverse bias in a pn junction interface poses a problem. 
[0004] 

[Problem(s) to be Solved by the Invention] The leakage current produced to the conventional SiGe/Si 
diode is explained with reference to drawing 3 . Drawing 3 is drawing having shown typically the 
leakage current produced when a reverse bias is applied to the SiGe/Si diode 10. If a reverse bias is 
applied to diode 10, a depletion layer 13 will be made like illustration in the place of a pn junction 
interface, and electric field will concentrate on this depletion layer 13. The part 16 exposed to the 
exterior of diode exists in a pn junction interface, and the depletion layer in this exposed part 16 is in the 
inclination for width of face to become narrow compared with the depletion layer of the other place. 
Therefore, the degree of electric- field concentration becomes high and the leakage current in this 
exposed part 16 produced to diode will be strongly governed in the matter condition of the exposed part 
16. 

[0005] Here, the matter conditions of the exposed part 16 which governs the leakage current are 
specifically the crystal defect in the exposed part 16, air discharge, and three of impurities. Among 
these, it depends for the crystal defect on the production process of each semi-conductor layer, and since 
sufficient attention is paid so that a crystal defect may not start quality control of a semi-conductor 
production process as much as possible, by the time it grows up to be an injurious defect if independent, 
to the extent that it cannot ignore, in the usual case, it will not result. Moreover, in the advanced 
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technology given in the application specification of an application for patent No. 025428 [ 2000 to ], and 
a drawing, management of covering a surface with insulating materials, such as silicone gel, is made so 
that it may not happen about air discharge. 

[0006] However, about an impurity, the effective solution is not former yet clarified like front 2 persons. 
There is an impurity which adheres at the time of atmospheric air, such as metals, such as Na, K, Fe, and 
Au, and a hydrocarbon, or rinsing in the impurity element which can cause the leakage current. 
Moreover, if the exposed part 16 oxidizes and germanium oxide is generated by the front face, this oxide 
will also cause the leakage current. Therefore, in order to suppress the leakage current low, in the 
exposed part 16, the processing which lessens enough the harmful impurity which suppressed the crystal 
defect, and suppressed air discharge upwards, and carries out induction of the leakage current further is 
required. 

[0007] By the way, in the conventional diode which consists of Si altogether, it is common to carry out 
thermal oxidation processing of the exposed part of pn junction. If this is the approach of oxidizing the 
front face of diode under hot oxygen 900 degrees C or more or the ambient atmosphere of a steam and 
this thermal oxidation processing is performed, Si of an exposed part will oxidize, it will insulation-ize, 
and, thereby, the leakage current will decrease. Although such an oxidizing [ thermally ] method is 
powerless to a metal impurity, with the device of Si system, it is effective and is used frequently until 
now. 

[0008] However, if the conventional oxidizing [ thermally ] method is applied to SiGe/Si diode as it is, 
the segregation of germanium will happen to the part of the interface of the oxidizing zone and SiGe 
which are made on the surface of SiGe, and this will cause the leakage current. For this reason, in order 
to apply the oxidizing [ thermally ] method to SiGe, the oxidation conditions from which germanium 
does not start a segregation need to be retrieval inquired careful, but a report is not yet seen until it 
continues up to now, but that effective policy is left behind while it has been unsolved. 
[0009] In addition, although the trouble of the above-mentioned conventional technique is related with 
the heterojunction interface of SiGe/Si diode, the same problem is produced also for SiGe/SiGe diode. 
[0010] It is made in order that this invention may solve the above-mentioned technical problem, and it 
aims at a SiGe/Si heterojunction interface or a SiGe/SiGe heterojunction interface, and providing 
especially the exposure with the production approach of the semiconductor device which does not 
produce the leakage current. 
[0011] 

[Means for Solving the Problem] It is characterized by for said junction interface washing the part 
exposed to a front face with the solution containing hydrofluoric acid, and washing the production 
approach of the semiconductor device concerning this invention with the solution containing a sulfuric 
acid after that in the production approach of a semiconductor device of having the junction interface in 
which SiGe of the 1st conductivity type, Si of the 2nd conductivity type, or SiGe carries out mutual 
contact. 

[0012] Moreover, the production approach of the semiconductor device concerning this invention In the 
production approach of a semiconductor device of having the junction interface in which SiGe of the 1st 
conductivity type, Si of the 2nd conductivity type, or SiGe carries out mutual contact, said junction 
interface etches the part exposed to a front face. Subsequently The solution containing hydrofluoric acid 
washes, the solution containing a sulfuric acid washes after that, and it is characterized by covering an 
insulating material into the part which said junction interface has exposed subsequently to a front face. 
[0013] If the surface exposure part of the junction interface of SiGe/Si diode is left in atmospheric air, it 
will oxidize automatically. At this time, mixing of adsorption of the impurities out of atmospheric air 
(hydrocarbon etc.), the metal (Na, K) ion brought about when an operator contacts empty-handed etc., 
the oxide (Ge02) of germanium made by oxidizing further, etc. are assumed as an impurity. These 
impurities cause the leakage current and reduce the proof-pressure property of a semiconductor device. 
[0014] In this invention, SiGe/Si diode is dipped in the solution which contains hydrofluoric acid first 
for removing the oxide made into this exposed part. By changing the time amount which dips even the 
thickness of about several micrometers in a hydrofluoric acid solution as an oxidizing zone, it can 
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remove easily. Hydrogen termination of the junction interface is carried out by this washing processing 
on the front face of an exposed part. However, a hydrocarbon metallurgy group impurity is not removed 
at this process. 

[0015] Subsequently, if SiGe/Si diode is dipped in a sulfuric-acid content water solution, a metal 
impurity and a hydrocarbon will melt and appear in a solution, and will be removed from a surface. In 
this case, although a surface oxidizes by the thickness of lnm (10A) extent, the oxide (Ge02) of 
germanium is not made only from Si02 being made in this case. Although surface germanium atom 
oxidizes under the effect of a sulfuric acid, since germanium oxide melts into the solution of a sulfuric 
acid, it does not remain in a surface as Ge02. Impurities, such as a metal, a hydrocarbon, and 
germanium oxide, are pressed down low, and also the condition of the surface made here can do Si 
oxide thinly at a surface, and has the work to which this is inactive so much from the external world to 
an impurity, and suppresses subsequent impurity adsorption. 

[0016] Although hydrofluoric acid processing and vitriolization are performed one by one in this 
invention, when either is missing, the effectiveness of this invention is not discovered. While the 
removal of Ge02 in the natural oxidation film becomes inadequate when hydrofluoric acid processing is 
missing, and the surface natural oxidation film is thick, the metal impurity in the natural oxidation film 
is unremovable. On the other hand, when vitriolization is missing, the metal impurity and hydrocarbon 
which it cannot finish taking by hydrofluoric acid processing will remain. Moreover, when these 
hydrofluoric acid processing and vitriolization are made reverse, in order that a front face may finish 
with hydrogen termination, the effectiveness that a front face suppresses subsequent impurity adsorption 
compared with this invention finished with an oxide film becomes weak. 

[0017] In SiGe/Si diode, the causes of the leakage current at the time of a reverse bias are one crystal 
defect in the surface exposure part of a junction interface, 2 air discharge, and three impurities, as 
mentioned above. 

[0018] Although the 1st invention is the approach of removing a surface impurity effectively, it is 
adding one crystal defect and the process which removes 2 air discharge to this like the 2nd invention, 
and serves as diode with still less leakage current. 

[0019] Specifically, it removes by etching a surface with alkali system water solutions, such as chemical 
etching, for example, KOH etc., the mixed water solution of fluoric acid and a nitric acid, etc. for 
removal of the crystal defect of a semi-conductor surface part. Thereby, the crystal defect by the surface 
damage by processing of a scratch blemish, the plasma, etc. can be removed. After that, in order to 
remove an impurity, in the hydrofluoric acid solution and sulfuric-acid solution which were shown by 
1st invention, sequential immersion is carried out and it washes. Then, contact to air is prevented by 
covering a front face with an insulating material. By combining these three policies, SiGe/Si diode with 
little performance degradation by the leakage current can be obtained. 

[0020] Although the above-mentioned policy explains the example of SiGe/Si diode, the same 

effectiveness can be acquired also for SiGe/SiGe diode. 

[0021] 

[Embodiment of the Invention] Hereafter, various desirable examples of this invention are explained 
with reference to an attached drawing. 

[0022] (Example 1) The p-SiGe/n-Si junction diode was produced as a semiconductor device of an 
example 1. The production approach is explained with reference to drawing 1 . The Si substrate 1 of n 
mold of 15 ohms of membrane resistance cm was prepared (process SI 1). Laminating formation of the 
SiGe film 2 of p mold was carried out on this n mold Si substrate 1 at 0.4 micrometers in thickness 
(process SI 2). A chemical- vapor-deposition method like CVD was used for membrane formation of this 
p mold SiGe film 2. Concentration of p mold dopant in the SiGe film 2 was made into 1017cm - three 
sets. Moreover, germanium concentration in the SiGe film 2 was made into pentatomic %. 
[0023] subsequently, parts other than the part which it leaves as diode - laws, such as dry etching or wet 
etching, - by removing using a method, punching processing of a predetermined pattern was performed 
on the SiGe film 2, and many substrate exposures 3 were formed (process SI 3). These substrate 
outcrops 3 set width of face to 1mm, and set 30 micrometers and mutual pitch spacing to 1.5-5mm for 
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the depth. 

[0024] Then, after immersing the SiGe/Si layered product into the hydrofluoric acid solution and 
performing 1st washing processing, it rinsed and (hied, the SiGe/Si layered product was immersed into 
the sulfuric-acid solution, and 2nd washing processing was performed (process SI 4). The hydrofluoric 
acid solution used for the 1st washing processing dilutes the hydrofluoric acid of 48 mass % 
concentration to 1/50 with water. The sulfuric-acid solution used for the 2nd washing processing 
prepares a sulfuric-acid 96 mass % water solution and a hydrogen-peroxide-solution 48 mass % solution 
at a rate of 1:2. 

[0025] Then, laminating formation of the metal electrodes 4 and 5 was carried out with the vacuum 
deposition method on the top face and inferior surface of tongue of a SiGe/Si layered product, 
respectively (process SI 5). This SiGe/Si layered product was started along with the cutting plane line 6, 
and it was made to complete as diode 7 finally (process SI 6). The production number of the diode 7 at 
this time could be 50 pieces. 

[0026] (Evaluation trial) The leakage current when applying a reverse bias to the produced diode 7 was 
measured, respectively. The leakage current is in the inclination which increases according to the 
electrical potential difference of a reverse bias, the electrical potential difference when the leakage 
current is set to 1mA here was defined as pressure-proofing of diode, and whether this electrical- 
potential-difference value is high or low estimated the size of the leakage current. 
[0027] Consequently, pressure-proofing of 50 diodes 7 was 250V on the average, moreover, the case 
where 200V are made into a threshold - total — it became pressure-proofing beyond it. In addition, 
when unsettled, it became less than [ 100V ] on the average. The average pressure-proofing at the time 
of not performing hydrofluoric acid processing (1st washing processing), but performing only 
vitriolization was set to 200V. Moreover, only in hydrofluoric acid processing, although average 
pressure-proofing was so much changeless with 200V, the clear defective with which pressure-proofing 
is less than 100V appeared 4%. Since the V-I property of seeming the effect of the movable ion by the 
metal impurity was observed when the property of this defective was analyzed, it was checked that the 
metal impurity is not fully removed. 

[0028] (Example 2) The case where the diode of a different type from the above as a semiconductor 
device of an example 2 is produced is explained with reference to drawing 2 . 

[0029] The Si substrate 1 of n mold of 15ohms of membrane resistance cm was prepared (process S21). 
Laminating formation of the SiGe film 2 of p mold was carried out on this n mold Si substrate 1 at 0.4 
micrometers in thickness (process S22). A chemical- vapor-deposition method like CVD was used for 
membrane formation of this p mold SiGe film 2. Concentration of p mold dopant in the SiGe film 2 was 
made into 1017cm - three sets. Moreover, germanium concentration in the SiGe film 2 was made into 
pentatomic %. 

[0030] subsequently, parts other than the part which it leaves as diode — laws, such as dry etching or wet 
etching, - by removing using a method, punching processing of a predetermined pattern was performed 
on the SiGe film 2, and many substrate exposures 3 were formed. These substrate outcrops 3 set the path 
to 1mm, and set 30 micrometers and mutual pitch spacing to 1 .5-5mm for the depth. Furthermore, it was 
immersed in the solution with which 48% water solution of fluoric acid, 70% water solution of nitric 
acids, and pure water were mixed at a rate of 1 : 1 : 1 0 for about 20 seconds, and surface etching was 
performed (process S23). 

[0031] Then, after immersing the SiGe/Si layered product into the hydrofluoric acid solution and 
performing 1st washing processing, it rinsed and (Wed, the SiGe/Si layered product was immersed into 
the sulfuric-acid solution, and 2nd washing processing was performed (process S24). The hydrofluoric 
acid solution used for the 1st washing processing dilutes the hydrofluoric acid of 48 mass % 
concentration to 1/50 with water. The sulfuric-acid solution used for the 2nd washing processing 
prepares a sulfuric-acid 96 mass % water solution and a hydrogen-peroxide-solution 48 mass % solution 
at a rate of 1:2. 

[0032] Then, laminating formation of the metal electrodes 4 and 5 was carried out with the vacuum 
deposition method on the top face and inferior surface of tongue of a SiGe/Si layered product, 
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respectively (process S25). This SiGe/Si layered product was started along with the cutting plane line 6 
(process S26). Then, the started SiGe/Si layered product was completed using the silicone gel by the 
Shin-etsu silicone company as an insulating material 8 as diode 7 by which the covering insulation was 
covered and carried out in the front face (process S27). The production number of the diode 7 at this 
time could be 20 pieces. 

[0033] (Evaluation trial) The leakage current when applying a reverse bias to the produced diode 7 was 
measured, respectively. Evaluation conditions presupposed that it is the same as the above-mentioned 
example 1. Consequently, average pressure-proofing was set to 280V. Moreover, the following [ 200V ] 
did not appear for the diode of an example 2. As a result of investigating pressure-proofing about the 
diode when not performing covering by surface etching and silicone gel as an example of a comparison, 
the average pressure-proofing was 250V. The effectiveness of the approach performed by this example 2 
from now on was checked. 
[0034] 

[Effect of the Invention] According to this invention, generating of the leakage current in a SiGe/Si 
heterojunction interface is prevented effectively. For this reason, upgrading of semiconductor devices, 
such as diode with a SiGe/Si heterojunction interface and a bipolar transistor, is planned, and the yield 
improves, and the application of the SiGe mixed-crystal film is expanded as that result. 



[Translation done.] 
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